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Abstract 

Bile acid signaling is a critical regulator of glucose and energy metabolism, mainly through the nuclear receptor FXR and the 
G protein-coupled receptor TGR. The purpose of the present study was to investigate whether dual activation of FXR and 
TGR5 plays a significant role in the prevention of atherosclerosis progression. To evaluate the effects of bile acid signaling in 
atherogenesis, ApoE" 7 " mice and LDLR" 7 " mice were treated with an FXR/TGR5 dual agonist (INT-767). INT-767 treatment 
drastically reduced serum cholesterol levels. INT-767 treatment significantly reduced atherosclerotic plaque formation in 
both ApoE" 7 " and LDLR" 7 " mice. INT-767 decreased the expression of pro-inflammatory cytokines and chemokines in the 
aortas of ApoE" 7 " mice through the inactivation of NF-kB. In addition, J774 macrophages treated with INT-767 had 
significantly lower levels of active NF-kB, resulting in cytokine production in response to LPS through a PKA dependent 
mechanism. This study demonstrates that concurrent activation of FXR and TGR5 attenuates atherosclerosis by reducing 
both circulating lipids and inflammation. 
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Introduction 

In addition to their role in the formation of intestinal micelles, 
bile acids serve as signaling molecules through two major 
receptors, Farnesoid X Receptor (FXR) and TGR5. FXR is a 
nuclear receptor that is activated by bile acids such as 
chenodeoxycholic acid [1-3]. FXR is predominandy expressed 
in the liver, kidneys and intestine, and controls lipid and 
carbohydrate homeostasis [4—5]. Recent studies show that FXR 
activation by select agonists inhibits atherosclerosis development 
[6-7]. TGR5 (also designated as GPBAR1 or M-BAR) is a G- 
protein coupled bile acid receptor highly expressed in the intestine 
and gallbladder [8-9]. TGR5 is activated by both primary and 
secondary bile acids, but demonstrates the highest affinity for 
lithocholic acid (LCA) [8]. TGR5 mediates several biological 
effects of bile acids including a hypermetabolic effect, stimulation 
of gallbladder filling, and improved insulin sensitivity [10—12]. 
TGR5 is abundantly expressed in CD14-positive monocytes and 
macrophages, where its activation mediates immunosuppressive 
effects [8]. TGR5 activation by bile acids in monocytes, alveolar 
macrophages and Kupffer cells attenuates phagocytosis and 
cytokine production in response to lipopolysaccharides (LPS) in 
a cAMP-dependent manner [8, 1 3- 1 5] . A recent study showed that 
pharmacological activation of TGR5 elicits anti-atherogenic 
effects by reducing macrophage inflammation and lipid uptake 
[13]. 



Several bile acids and their analogues have been reported to 
elicit anti-atherogenic effects through different mechanisms [7,16- 
17]. We hypothesized that dual activation of FXR and TGR5 is 
effective in the prevention of atherosclerotic formation. In this 
study, we examined the pharmacologic effects of simultaneous 
activation of TGR5 and FXR on atherosclerotic plaque formation 
using a novel FXR and TGR5 dual agonist, 6a-ethyl-24-nor-5(3- 
cholane-3a,7a, 23-triol-23 sulfate sodium salt (INT-767). Our 
present study demonstrates that dual activation of FXR and 
TGR5 strongly alleviates atherosclerotic formation primarily by 
reducing circulating lipids and reducing inflammation though the 
inactivation of NF-kB via a protein kinase A-dependent manner. 

Methods 

Animals 

ApoE" 7 " and LDLR" 7 " mice on the C57BL/6J background 
were obtained from the Jackson Laboratory. Eight-week-old 
ApoE" 7 " and LDLR" 7 " mice were fed a Western diet 
(TD88137) containing INT-767 (30 mg/kg body weight) [18] for 
1 2 weeks and 1 6 weeks, respectively. Eight animals per group were 
used for all experiments. Males were used because they are more 
susceptible to atherosclerosis than females. All animals were 
euthanized by isoflurane overdose after a 4 hour fasting period. 
Animal experiments were approved by the Institutional Animal 
Care and Research Advisory Committee of the University of 
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Figure 1. INT-767 reduces high fat-induced adiposity and hyperlipidemia in ApoE ' mice. Mice were treated with INT-767 as indicated 
in the Methods section. A) Body weight of ApoE~ / ~ mice treated with INT-767. B) White fat weight of ApoE _/ ~ mice. C) Cholesterol distribution in the 
lipoproteins of ApoE~'~ mice treated with INT-767. D) Triglyceride distribution in the lipoproteins of mice treated with INT-767. E) Body weight of 
LDLR -/ ~ mice treated with INT-767. F) Cholesterol distribution in the lipoproteins of LDLR _/_ mice treated with INT-767. 
doi:1 0.1 371/journal.pone.01 08270.g001 



Colorado at Denver. INT-767 was kindly provided by Intercept 
Pharmaceuticals Inc. (New York, NY). 

Histological and biochemical analysis 

En face and histological analyses in the aortic sinus were 
performed as we previously described [19-20]. Immunofluores- 
cence analysis for CD68 and MCP1 in the aortic root was 
performed using a Life Technologies EVOS fluorescence micro- 
scope as we described previously [21]. FPLC analysis was 
performed as previously described [22]. Fasted serum lipids and 
fast performance liquid chromatography samples were quantified 
using commercially available kits [22]. Serum bile acid levels were 
determined using an Applied Biosystems 3200 qTRAP LC-MS/ 
MS according to a method previously described [23]. Serum 
inflammatory cytokine levels were measured using a commercially 
available ELISA kit (Meso Scale Discovery). 

Electrophoretic mobility shift assay 

Electrophoretic mobility shift assay (EMSA) analysis was 
performed as previously described [24]. The DNA binding activity 
of NF-kB was assayed according to the protocol from Promega 
Corp. Briefly, the oligo with NF-kB consensus binding element 
(Promega) was end-labeled by T4 polynucleotide kinase (Promega) 



using [yP32]-ATP (BioRad). Thirty |J.g of total tissue extract was 
isolated from the aorta or nuclear extract from macrophages using 
IX passive lysis buffer (Promega) was mixed with radio-labeled 
oligo for binding. Unlabeled cold probe was used to compete with 
the radio-labeled probe to show binding specificity. The reaction 
mixture was loaded to 5% polyacrylamide gel under non- 
denaturing conditions and separated by electrophoresis at 4°C. 
The gel was then dried and exposed to X-ray film to visualize the 
binding of NF-kB onto the radio-labeled probe. The binding 
specificity was shown by blockade of binding with excessive 
competitive cold probe, and the position of NF-kB p65/50 
complex was confirmed using anti-p65 and -p50 antibodies from 
Cell Signaling Technology (Figure SI). 

Cell culture 

J774.2 and Raw294.7 macrophages were pre-treated with 
10 ug/ml INT-767 for 1 hour in the presence of a PKA inhibitor 
(Rp-8-Br-cAMPS, Santa Cruz Biotechnology), and then incubated 
with 100 ng/ml LPS. For FXR and TGR5 overexpression, 
Raw294.7 macrophages were transfected with pcDNA3 contain- 
ing either FXR or TGR5. The stable cells expressing either FXR 
or TGR5 were selected with G418 (250 Ug/ml). 



PLOS ONE | www.plosone.org 



2 



September 2014 | Volume 9 | Issue 9 | e1 08270 



Dual Activation of FXR and TGR5 in Atherosclerosis 



B 



>■ 

TD 
O 
CO. 



45 
40 
35 
30 
25 
20 
15 
10 
5 
0 



■Vehicle 

INT-767 (30mg/kg) 




4 
3.5 

3 



I I 

2 



I I I I I I I I 

6 8 10 12 
Feeding (wks) 



i i 

14 



^Vehicle 

INT-767 (30mg/kg) 




16 



Epididymal Retroperitoneal Subcutaneous 



IDIV 

VLDL LDL HDL 



D 




20 30 
Fractions 



20 30 
Fractions 



Figure 2. INT-767 reduces high fat-induced adiposity and hyperlipidemia in LDLR ' mice. Mice were treated with INT-767 as indicated in 
the Methods section. A) Body weight of LDLR - ' - mice treated with INT-767. B) White fat weight of ApoE~'~ mice. C) Cholesterol distribution in the 
lipoproteins of LDLR _/_ mice treated with INT-767. D) Triglyceride distribution in the lipoproteins of mice treated with INT-767. **P<0.001 and ***p< 
0.001 . 

doi:1 0.1 371 /journal.pone.01 08270.g002 



Statistical analysis 

Data were collected from more than two independent 
experiments and reported as the means ± S.E.M. Statistical 
analysis for two-group comparison was performed using the 
Student's t test, or one-way ANOVA with a Newman-Keuls post- 
hoc test for multi-group comparison. Significance was accepted at 
P<0.05. 

Results 

INT-767 reduces serum cholesterol and triglyceride levels 
in ApoE" 7 " and LDLR" 7 " mice 

To study the role of bile acid signaling in the regulation of 
atherogenesis, we first treated two commonly used mouse models 
of atherosclerosis, ApoE 7 and LDLR 7 mice, with INT-767. 
Eight-week-old ApoE" 7 " mice were fed a Western diet alone 
(TD88137, Harlan Teklad) or a Western diet supplemented with 
INT-767 (30 mg/kg/day) for 12 weeks. ApoE" 7 " mice treated 
with INT-767 showed a significant decrease in body weight 
(Table 1 and Fig. 1A). Consistently, the weights of major white 
adipose tissues (epididymal, retroperitoneal and subcutaneous) 



were all significandy reduced in mice treated with INT-767 
(Fig. IB and Table 1). In ApoE" 7 " mice, INT-767 treatment 
significandy reduced serum total cholesterol and triglyceride levels 
compared with the control group (Table 1). Lipoprotein profile 
analysis showed reduced cholesterol levels in the VLDL and HDL 
fractions but not LDL and IDL fractions and reduced triglyceride 
levels in the VLDL fractions in ApoE 7 mice treated with INT- 
767 (Fig. 1C and ID). Serum glucose was reduced by INT-767 
treatment (Table 1). The lipid-lowering effect of FXR and TGR5 
dual activation was also examined in LDLR 7 mice. Similar to 
ApoE" 7 " mice, INT-767 attenuated the weight gain of LDLR" 7 " 
mice induced by feeding a Western diet (Fig. 2B and Table 1). 
INT-767 reduced high fat feeding-induced adiposity in LDLR" 7 " 
mice (Fig. 2B). Serum total cholesterol, triglyceride, and glucose 
levels were significandy reduced by INT-767 treatment (Table 2). 
INT-767 significantly reduced serum glucose in LDLR 7 mice. 
Lipoprotein profile analysis showed reduced VLDL and LDL/ 
IDL-cholesterol in mice treated with INT-767 (Fig. 2C). INT-767 
treatment drastically reduced VLDL-triglyceride levels in 
LDLR" 7 " mice. 
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Figure 3. INT-767 reduces cholic acid and its metabolites but 
not chenodeoxycholic acid though the reduction of hepatic 
CYP7A1 and CYP8B1 expression in ApoE ' mice. A) mRNA 
levels of hepatic FXR targets in ApoE~ /_ mice treated with INT-767. B) 
Serum bile acid content in ApoE~'~ mice treated with INT-767. CA, 
cholic acid; MCA, muricholic acid; DCA, deoxycholic acid; CDCA, 
chenodeoxycholic acid; T, tauro. *P<0.05 and ***P<0.001. 
doi:1 0.1 371 /journal.pone.01 08270.g003 



INT-767 abolishes hepatic CYPB1 expression, leading to 
lack of serum cholic acid and deoxycholic acid, but not 
chenodeoxycholic acid 

To determine whether INT-767 treatment activates hepatic 
FXR, we analyzed mRNA levels of FXR targets such as CYP7A1, 
CYP8B1, SR-BI and ABCB4 in the livers of ApoE _/ " mice. INT- 
767 treatment strongly reduced levels of hepatic CYP8B1 and 
CYP7A1 mRNA whereas SR-BI and ABCB4 levels were 
increased (Fig. 3A). Since INT-767 strongly inhibited the expres- 
sion of CYP8B1 and CYP7A1, which are enzymes involved in bile 
acid synthesis, we analyzed levels of circulating bile acids using a 
liquid-chromatography mass spectrometry (LC-MS/MS). Inter- 
estingly, INT-767 drastically reduced serum cholic acid, deoxy- 
cholic acid and its tauro-conjugated metabolites. In contrast, 
chenodeoxycholic acid and its tauro-conjugated metabolites were 
unchanged or increased in the serum of ApoE 1 mice (Fig. 3B) 
and LDLR _/_ mice (data not shown). 



INT-767 attenuates atherosclerotic plaque formation in 
ApoE _/ " and LDLR _/ " mice 

Atherosclerotic lesions in ApoE - 7 ~ mice were quantified by en 
face analysis of aortas after 1 2 weeks of feeding a Western diet in 
the presence or absence of INT-767. Quantification of Sudan IV- 
stained en face preparations of aortas revealed a significant 
reduction in atherosclerosis in mice treated with INT-767. INT- 
767 treatment reduced atherosclerotic plaques by 81% (Fig. 4A 
and 4B) compared with vehicle treatment. Similarly, LDLR 1 
mice receiving an INT-767 agonist for 16 weeks showed a 72% 
reduction in atherosclerotic lesions (Fig. 4C and 4D) [13]. 

INT-767 reduced macrophage infiltration and 
inflammation in ApoE _/ ~ mice 

We next examined whether INT-767 reduced systemic and 
local inflammation in ApoE 1 mice. ELISA analysis showed that 
INT-767 treatment reduced levels of circulating cytokines such as 
IL-lfj, IL-6, IL-8 and IL-12 (Fig. 5A-5D). To examine whether 
dual activation of FXR and TGR5 reduces macrophage 
infiltration and inflammation in the aorta, we performed 
immunofluorescence analysis using CD68 as a macrophage 
marker and monocyte chemotactic protein 1 (MCP-1) as a 
chemokine. Histological analysis showed a significant reduction of 
CD68-positive macrophages and MCP-1 in aortic root sections 
from ApoE _/ " mice treated with INT-767 (Fig. 5E, 5F and 5G). 
In addition, INT-767 significandy reduced aortic expression of 
inflammatory markers such as IL- 1 p, IL-6, TNFa and MCP-1 
(Fig. 5H). Since NF-kB is a central regulator of inflammation, we 
examined whether INT-767 affects NF-kB activity in the aorta. 
EMSA analysis indicated that aortic NF-kB activity was signifi- 
cantly reduced in the aortas of ApoE - /_ mice treated with INT- 
767 (Fig. 51). 

TGR5 activation but not FXR activation reduces cytokine 
production in macrophages 

TGR5 is abundantly expressed in monocytes and macrophages 
under resting conditions [8]. However, it is not expressed in all 
macrophage cell lines [8]. To study the effect of TGR5 on 
cytokine production in macrophages, we first analyzed the levels of 
TGR5 expression in monocyte and macrophage cell lines 
including Raw294.7, J774.2, THP-1 and U937 cells. We found 
that J774.2 cells were the only cells that expressed high levels of 
TGR5, whereas the other macrophage cell lines expressed very 
low or undetectable levels of TGR5. We therefore decided to use 
J774.2 cells to study the effects of INT compounds on LPS- 
induced cytokine production. INT-767 reduced the induction of 
cytokine mRNAs such as TNFa and IL-ip in J774.2 cells 
stimulated with LPS (Fig. 6A and 6B). We next examined whether 
activation of the cAMP-PKA pathway activated by TGR5 
contributes to the inhibition of cytokine expression. PKA inhibitor 
Rp-8-Br-cAMPS (PKAI) completely blocked the reduction of 
cytokine production by INT-767. To understand the mechanism 
by which INT-767 reduced the production of inflammatory 
cytokines, we performed EMSA analysis to measure the activity of 
NF-kB, which is a master regulator of cytokine production. EMSA 
analysis showed that INT-767 treatment significantly reduced 
levels of active NF-kB p50/p65 complex in the nucleus fraction of 
NF-kB activity by INT-767 treatment. PKA inhibitor completely 
blocked the reduction of NF-kB activity by INT-767 (Fig. 6A-6D). 
INT-767 did not affect LPS-induced cytokine production in 
Raw294.7 cells, which do not highly express TGR5 or FXR 
(Fig 6E-G). We next examined whether stable TGR5 (Fig. 6E) or 
FXR (Fig. 6F) overexpression in Raw294.7 cells could reveal 
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Figure 4. INT-767 inhibits the development of aortic lesions in ApoE and LDLR mice. Atherosclerotic lesions were quantified by en 
face analysis. A) Representative picture of en face analysis of atherosclerosis in ApoE~ / ~ mice treated with INT-767. B) Quantification of en face 
analysis in ApoE~ 7 ~ mice treated with INT-767 for 12 weeks. C) Representative picture of en face analysis of atherosclerosis in LDLR _/_ mice treated 
with INT-767. D) Quantification of en face analysis in LDLR _/ ~ mice treated with INT-767 for 16 weeks. ***P<0.001. 
doi:1 0.1 371 /journal.pone.01 08270.g004 



inhibitory effects of INT-767 on cytokine production. When 
treated with INT-767 and INT-777, Raw294.7 cells that 
overexpressed TGR5, but not FXR, had lower TNFoc expression 
following LPS treatment (Fig. 6G). These results suggest that the 
anti-inflammatory effect of INT-767 is due to TGR5 activation, 
not FXR activation. 

Discussion 

Dyslipidemia and chronic inflammation are hallmarks of 
atherosclerosis. Therefore, identifying a compound that acts to 
simultaneously limit dyslipidemia and inflammation may prove to 
be beneficial in reducing atherosclerosis. A number of reports 
suggest that activation of bile acid signaling pathways can prevent 
or lessen both dyslipidemia and inflammation through two bile 
acid receptors, FXR and TGR5 [4,8,25]. In this study, we 
demonstrate that a novel FXR and TGR5 dual agonist, INT-767, 
potendy inhibits atherosclerotic formation by preventing hyper- 
lipidemia and inhibiting pro-inflammatory cytokine production in 
macrophages. 

In addition to reduced serum cholesterol and triglyceride levels, 
INT-767 reduced serum cholic acid and its metabolites (deoxy- 
cholic acid, taurocholic acid and taurodeoxycholic acid), whereas 
CDCA and tauro-conjugated CDCA levels were unchanged and 
increased, respectively, in mice treated with INT-767. These data 
indicate that FXR activation by INT-767 shuts off cholic acid 
synthesis by reducing the hepatic expression of CYP8B1 (Fig. 3), 
which determines the balance of CA:CDCA synthesis. In addition, 
inhibition of cholic acid synthesis by C YP8B 1 deficiency inhibits 
dyslipidemia and atherosclerosis in ApoE _/_ mice by decreasing 
intestinal lipid absorption [26], suggesting that cholic acid 



deficiency is caused by the lipid-lowering and anti-atherogenic 
effects of INT-767. Another mechanism by which FXR activation 
elicits lipid-lowering effects is due to increased liver-dependent 
cholesterol efflux to feces [20]. We previously reported that FXR 
activation by synthetic FXR agonists such as Px20606 increased 
hepatic cholesterol efflux by inducing hepatic genes involved in 
transhepatic cholesterol efflux such as scavenger-receptor Bl (SR- 
BI) and ATP-binding cassette subfamily B, member 4 (ABCB4). 
INT-767 potently induced both hepatic genes (Fig. 3A). 

Some bile acids are known to elicit anti-inflammatory effects in 
macrophages through TGR5 [8,14—15]. In agreement with in 
vitro studies [13,18,27-28], our in vivo study showed that INT- 
767 treatment reduced circulating inflammatory cytokines such as 
IL- 1 P and IL-6 in ApoE / mice, and also reduced the expression 
of inflammatory cytokines and chemokines in the aortas of 
ApoE 7 mice. INT-767 reduced the LPS-induced expression of 
inflammatory cytokines from J7 74.2 macrophages, which highly 
express TGR5 but not FXR. On the other hand, INT-767 was not 
able to reduce LPS-induced cytokine production in Raw294.7 
macrophages, which express undetectable levels of both TGR5 
and FXR. In Raw295.7 cells, TGR5 but not FXR overexpression 
established the inhibition of cytokine production by INT-767 
(Fig 6E-G). These data suggest that the inhibitory effect of INT- 
767 is due to the activation of TGR5, not FXR. TGR5 activation 
increases levels of intracellular cAMP, resulting in the activation of 
PKA. INT-767 increases cAMP levels in bone marrow macro- 
phages [28]. We therefore hypothesized that INT-767 stimulates 
the production cAMP through TGR5, leading to PKA activation. 
Consistent with our hypothesis, a PKA inhibitor, RP-8-BR- 
CAMPS, completely blocked the inhibition of LPS-induced TNFoc 
and IL- 1 (3 production by INT-767. This inhibitor is an analog of 
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Figure 5. INT-767 inhibits systemic and local inflammation in ApoE ' mice. Serum A) IL-1 p, B) IL-6, C) IL-8 and D) IL-12 levels in ApoE 7 
mice treated with INT-767. E) Representative picture of immunofluorescence analysis of CD68-positive macrophages and MCP-1 in the aortas of 
ApoE -/ ~ mice treated with INT-767. Quantification of immunofluorescence analysis of F) CD68 and G) MCP-1 in the aortas of ApoE~ /_ mice treated 



with INT-767. H) mRNA levels of aortic cytokines and chemokines in ApoE 
ApoE _/ ~ mice treated with INT-767. *P<0.05, **P<0.001 and ***P<0.001. 
doi:1 0.1 371 /journal.pone.01 08270.g005 

cAMP and specifically inhibits binding of cAMP to the regulatory 
I subunit of PKA. These data indicate that INT-767 reduces 
cytokine production through a cAMP-PKA dependent mecha- 
nism. Interestingly, another class of PKA inhibitors, H89, did not 
affect the inhibitory effect of INT-767 (data not shown). H89 
blocks the activity of PKA through competitive inhibition of the 
ATP binding site on the PKA catalytic subunit. A number of 
reports suggest that PKA type I and type II have distinct effects 
[29-31]. In addition, the phenotypes of mice lacking regulatory 
subunits of PKA type I and type II are different [32]. These 
observations suggest that the PKA type I is more important in 



mice treated with INT-767. I) NF-kB binding activity in the aortas of 



TGR5-mediated inhibition of cytokine production than PKA type 
II. 

NF-kB is a master regulator of cytokine production in 
macrophages. INT-767 treatment strongly reduced levels of active 
NF-kB levels in the aortas of ApoE 1 mice and J774.2 
macrophages. Our data indicate that inhibiting both systemic 
and local inflammation by inactivating the NF-kB pathway 
contributes to the anti-atherogenic effect of INT-767. In J774.2 
cells, RP-8-BR-CAMPS completely blocked the effect of INT-767 
on NF-kB activity, suggesting that TGR5 activation inhibits 
cytokine production through a PKA-dependent mechanism. 
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Figure 6. INT-767 inhibits activation of NF-kB and cytokine production through a TGR5-PKA-dependent mechanism. A) TNFoc and B) 
IL-lfi mRNA levels, C) NF-kB binding activity by EMSA and D) the densitometric analysis of the NF-kB EMSA. J774.2 macrophages were pretreated 
with 10 uM INT-767 for 2 hours and treated with LPS (100 ng/ml) for 2 hours in the presence of a PKA inhibitor (1 mM, PKAI, Rp-8-Br-cAMPS). E) TGR5 
or F) FXR was overexpressed in Raw294.7 macrophages, which express very low levels of TGR5 and FXR. G) INT-767 inhibits TNFot expression induced 
by LPS (100 ng/ml) in Raw294.7 macrophages overexpressing TGR5 but not FXR. * P<0.05, **P<0.01, and ***P<0.001. 
doi:1 0.1 371 /journal.pone.01 08270.g006 



Although the mechanism by which TGR5-cAMP-PKA inhibits 
NF-kB activity is still obscure, a recent study showed that several 
kinase-anchoring proteins (AKAPs) contribute to cAMP-PKA- 



mediated inhibition of NF-kB and cytokine production in 
macrophages [30]. 

In this study, we demonstrated that dual activation of FXR and 
TGR5 has a beneficial impact on the development of atheroscle- 
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rosis. The anti-atherogenic effect of INT-767 is due to the 
combined effects of lowering lipids and inhibiting systemic 
inflammation. Further studies will be required to examine which 
receptor contributes to the hypolipidemic, anti-inflammatory and 
anti-atherogenic effects of INT-767 using knockout mice. Taken 
together, this study suggests that dual activation of FXR and 
TGR5 may present a promising strategy for the treatment of 
atherosclerosis. 

Supporting Information 

Figure SI The NF-kB complex and the activity changes in the 
aortas of ApoE _/ " mice. A. DNA-binding results of aortic NF-kB 
were verified by excess cold probes (left) and antibodies (Ab) that 
recognize the two components of the classical NF-kB complex, 
p65 and p50 (right). 
(EPS) 
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